Bull. Inst. Zool., Academia Sinica 1201): 27-37 (1973) 


ULTRASTRUCTURE OF THE LARVAL AND THE. ADULT 
ABDOMINAL MUSCLE OF THE YELLOW MEAL 
WORM TENEBRIO MOLITOR L.* 


WEN-YUNG LEE AND MEI-YU YOUNG 


` Research Fellow Institute of Zoology, Academia Sinica. 
Assistant. Institute of Zoology, Academia Sinica. : 


Received for Publication, May 9, 1973 


SUMMARY 


W. Y. Lee and M. Y. Young (1972) Ultrastructure of the Larval and the Adult 
Abdominal Muscle of the Yellow Meal Worm Tenebrio molitor L. Bull. Inst. Zool., Academia 
Sinica 110): (27-37). The Ultrastructures of Tenebrio molitor larval and adult abdominal 
muscles are similar. Bands zigzag irregularly across the myofibrils. Sarcoplasmic reticulum 
formed cisternae around, and in places penetrates into the myofibrils. Dyads are mostly 
located at the A-I band junctions. More dyads appear in the larval muscle than in the 
adult. Sarcolemma of amorphous materials and a basement membrane, is thicker in larval 
muscle than in the adult. The ratio of thin and thick myofilaments is 6:1. Sarcosomes 
are located at both sides of Z-bands. Fine structures of the larval and adult abdominal 
muscles are compared with the muscles of other insects. 


late buffer, at pH 7.2. The pretreatment pre- 
vents muscle contraction, thus minimizes possible 
artifacts. The dorsal longitudinal muscles of the 
second and third abdominal segments were ob- 
tained by severing the injected insects in the 
same fixative. 

The dissected muscles were further fixed in 
the same glutaraldehyde fixative for 3 hours. 
Subsequent treatments of the specimens for 
MATERIALS AND METHODS  ' Electron Microscopy were conducted as before“, 
Sections were examined under a Hitachi Electron 
Microscope type 11A operated at 50kv or 75 kv. 


The ultrastructure of the metathoracic 
muscles in the larvae and adults of Tenebrio 
molitor L. has been studied. The transforma- 
tion of the flight muscles from larval muscles 
has also been investigated“2?, The present re- 
port is the continuous research concerning the 
fine structure of abdominal muscles in larvae and 
adults of T. molitor L. 


Tenebrio molitor L., have been reared in our 
laboratory for. more than seven years. Fully 
grown larvae and adults with brownish integu- RESULTS 
ment were killed by injecting each individual The structural components of both larval 
0.3-0.5 ml. 6% glutaraldehyde in 0.1 M cacody- and adult muscles of Tenebrio molitor L. are 


* This investigation was supported by a research grant from Biological Research center, Nationl Seience 
Councel, R.O.C. 
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summarized in Table I. 
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TABIE I 
The structural components of Tenebrio molitor larval and the adult abdominal muscles. 
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A Ratio of Dyads 

verage Thick and | sarcomere bet. 

Muscle | Sarcomere Thin adjacent 
length (4) filamerit myofibrils 

larval 6.08 6:1 1-2 

adult 4.88 6:1 0-2 


a T T Ea a RS 


* lengrh by width 


Sarcomeres: 

The striation pattern of the sarcomere in 
the larval abdominal muscle appears similar to 
that of adult. Bands zigzag irregularly across 
myofibrils (Figs. 1 an 2). The alignments of Z 
bands (Figs 1 and 2) are continuous and clear 
in the larval as well as adult muscles. However 
Z bands also appear zigzag. Both A and I bands 
(Figs 1 and 2) are similar in length, but in some 
ultramicrographs. I bands appear shorter, possibly 
due to the contraction during fixation. H bands 
can not be defined in the longitudinal sections. 
They can be identified, however, in the trans- 
verse sections by the absence of thin filaments 
(Figs 5 and 8). No. M band is present in mu- 
scles of the larvae and adults. 

The sarcomere of the larval abdominal mu- 
scle is ca. 6.08 x long whereas that of adult ca. 
4.88 u (Table I). | 
Sarcoplasmic Reticulum: 

Transverse sections of both larval and adult 
abdominal muscles (Figs 11 and 13) revealed that 
some myofibrils are incompletely separated by 
the cisternae of sarcoplasmic reticulum while 
others are completely divided into an irregular 
shape. Dyads are more frequently found at the 
A-I band junctions of larval muscles than in those 
of adults (Figs 1 and 13). In all cases, sarcolem- 
ma appears to consist of two layers; amorphous 
material and a thin layer of basement membrane 
(Figs 11 and 12). The amorphous material of 
larval muscle, however, much thicker than of 
adult (Table 1). T tubules arising from invag- 


Thickness Average length of 
of sarcosomes (£) shapes of 
sarcolemma | sarcosome 
(1) L-plane |  T-plane 
EN | 
0.174 1.21x0.36* | 0.99x 0.22" rod 
0.069 1.02x0.28* | 0.51x0.29* various 


inations of the basement membrane are evident 
in all of the sarcolemma observed (Figs 11 and 
12). 

Microtubules mostly scatter in the I-band 
and associated with elements of sarcoplasmic re- 
ticulum (Figs 9, 10, 11, 12 and 13). 

Myofibrils: 

In the transverse sections (Figs 3-6), no dif- 
ference in the arrangment of myofilaments can 
be detected for larval and adult abdominal 
muscles. A thick filament is surrounded by 11 
to 13 (usually 12) thin ones. Thus the overall 
ratio between them is 6:1. 


Sarcosomes: 

The distribution of sarcosomes in both larval 
and adult abdominal muscles is similar’ The or- 
ganelle is generally confined to the I-band level. 
The measurement of the organelle in longitudinal 
sections (Figs 1 and 2) and transverse sections 
(Figs 3, 6, 9 and 10) are summerized in table 1. 
Sarcosomes appear frequently elongate in the 
longitudinal and transverse sections of both larval 
and adult muscles. However, y-shape, u-shape 
and irregular sarcosomes are also observed in 
the transverse sections of the adult muscle (Figs 
6, 10 and 11) The cristae of sarcosomes in 
larval and adult muscles are remarkably similar. 
There are generally 11-13 of cristae per 0.364 
length of sarcosomes and the cristae are par- 
allelly arranged. 


DISCUSSION 


The fine structures of metathoracic dorsal 
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longitudinal muscles of larval T'enebrio molitor 
.L can be easily distinguished from those of the 
adulta, However, the abdominal muscles of 
the larvae are not only similar to those of adults 
according to the Electron microscope studies, but 
also appear resembling to the larvae metathoracic 
muscles previously reported”), Breed”, studied 
the beetle, Thymalus marginicollis chevr., with 
light microscope and found that abdominal mu- 
scles of the thymalus beetle remain unaltered 
from larvae to imago. Crossley“? reported that 
abdominal intersegmental muscles of Calliphora 
larvae and adults are extremely similar in fine 
structure. The tenebrio abdominal muscles are 
ultrastructurally similar to the abdominal inter- 
segmental muscles of larval Calliphora'*, to the 
abdominal intersegmental muscles of adult male 
Peri planata. americana"? and the visceral muscles 
of insects”, In all of the aforementioned muscles, 
bands of sarcomere zigzag irregularly across the 
muscle cells, and sarcosomes scatter at I-bands, 
both sides of Z-bands. 

Huxley and Niederberke'*? proposed that the 
relationship among sarcomere length, contraction 
speed, and total tension is in qualitative agree- 
ment with each other. The hypothesis was sub- 
stantiated by the work with Periplanata ameri- 
cana in which the long-sarcomere fibers in coxal 
muscle 135b and the proximal part of the tibial 
extensor muscle were found to receive innerva- 
tion from "slow" motor axons whereas the other 
muscles of coxa which have shorter sarcomere 
fibers were not€?, For the tenebrio, the average 
sarcomeres of larval abdominal muscle are slight- 
ly longer than those of the adult. However, 
whether the structural difference has any locomo- 
tive significance is not known. 

It has been well established that the thin 
filaments (action filaments) are arranged in hex- 
agonal array in flight muscles whereas in less 
active muscles such as the abdominal, interseg- 
mental muscles and the visceral muscles of in- 
sects, the number of thin filaments relative to 
thick filaments (myosin filaments) are usually 
more than 5:161617, We have previously de- 
monstrated that the flight muscles of T. molitor 


have hexagonally arranged thin filament“. Since 
our results here showed that the ratios of thin 
to thick filaments for the abdominal as well as 
metathoracic muscles“!? are 6:1, it is concluded 
that the aforementioned general rule also holds 
true for T. molitor. 

Sarcoplasmic reticulum found in the ab- 
dominal muscles of T. molitor are much more 
abundent than those in the flight muscles pre- 
viously reported”). In the synchronized muscles 
such as the cockroach femoral muscles“, inter- 
segmental muscle of the american cockroach“!® 
as well as flight muscles of odonata‘®? and 
Lepidopterans“*?, abundant sarcoplasmic reticulum 
are found along the myofibrils. In the asynchron- 
ized flight muscles of the giant water bug“? and 
Drosophila flies**?, on the other hand, the or- 
ganelle are markedly reduced, and the sheath of 
cisternae around the fibrils is absent. Our re- 
sults, therefore, suggest that the abdominal mu- 
scles of the tenebrio beetle are most likely 
synchronized whereas the flight muscles asynch- 
ronized. Smith“* stated that calcium movement 
between the sarcoplasmic reticulum and the fibres 
synchronized with motor impulse may control 
contraction and relaxation in most muscles. The 
frequency of oscillatory length changes in asynch- 
ronous fibres is determined by the mechamical 


properties of the wings and thorax, and by an 


intrinsic oscillatory mechanism residing in my- 
ofibrils. 

The sarcolemma of most insects has a single 
layer of basement membrane and amorphous 
materials. T-tubules clefts extend into myofibrils 
from the basement membrane. In our observa- 
tion, amorphous materials of sarcolemma in the 
larval abdominal muscle are thicker than that of 
the adult. The sarcolemma of larval interseg- 
mental muscle in Calliphora is also thicker than 
that of adults intersegmental muscle(^9. The 
latter bears a thin basement membrane and oc- 
casional hemidesmosomes, whereas the former 
does not. Sarcolemma of flight muscles of the 
giant water bugs"? consists of cell membrane and 
layer of amorphous materials about 500 À thick 
where a tracheol is frequently present. The 


30 


LEE AND 


M. Y. YOUNG 


ULTRASTRUCTURE OF THE LARVAL AND 


TENEBRIO MOLITOR L. 


31 


W. Y. LEE AND M. Y. YOUNG 


JLTRASTRUCTURE OF THE LARVAL AND TENEBRIO MOLITOR L. 33 


34 


W. Y. LEE AND M. Y. YOUNG 


Fig. 
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Fig. 12. 


. colemma Consisting of a thick amorphous materials (SL) and the basement membrane (bm), the 


Fig. 


10. 


11. 


13. 


D 
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. Electron micrograph of the Longitudinal section of the Larval abdominal muscle. The Z-band 


(Z) zigzag across the myofibrils. The sarcosomes (m) locate in the 1 band (1), : both sides of 
Z-band. The sarcoplasmic reticulum (Sr) surrounds the myofibrils as the cisternae. Dyads (D) 
locate at the junction of the A-band (A) and the I-bands. 20000 x. 


. Electron micrograph of the Longitudinal section of the adult abdominal muscle. Same as the 


figure 1. A. A-band; I. I-band; D. Dyads; E. Electron dense; Sr. Sarcoplasmic reticulum. Z. 
Z-band. 20000 x. E | 


. Electron micrograph of the transverse plane of section of the larval abdominal muscle. The 


sarcosomes (M) deposite in the I-band (I. Few numbers of the microtubulae (mt) Scatter around 
the sarcosome. A. A-band; Sr. Sarcoplasmic reticulum; Z. Z-band. 61,500 x. . 
Electron micrograph A-band of the transverse plane of section of the larval abdominal muscle 
shows the relationship of the thick myofilaments (Tk) and the thin myofilaments (Th). 102,500 x. 
Electron micrograph of the transverse section shows the H-band (H) of the sarcomere of the 
larval abdominal muscle. 102,500x. 

Electron micrograph of the transverse section of the adult abdominal muscle. The sarcosome 
(M) scatter in the I-band (I) near the Z-band (Z). The myofibrils are incompletely divided by 
the sarcoplasmic reticulum (Sr). The ‘microtubules mostly locate in the I-band and associate with 
the sarcoplasmic reticulum. A. _A~band; D. Dyads. 61,500x. 


Electron micrograph of the transverse section indicate the relationship of the Thick (Tk) myofila- 


ments and the thin myofilaments in the A-band of the adult abdominal muscle. This relationship - 


- is same as that of the larval abdominal muscle, 102,500 x . 


Electron micrógraph of the transverse section shows the H band (H). 102,500 x . 


The photomicrograph of the transverse section shows that the sarcosomes (m) of the larval ab- 


dominal muscle are elongated in shape ‘with few number of cristae in the parallel arrangement. 
I. I-band; mt. microtubules; Sr. sarcoplasmic reticulums; Z. Z-band. 102,500x. | 
The photomicrograph of the transverse section shows the sarcosomes (m) of the adult abdominal 
muscle with the elongated shaped, the u-shaped and the y-shaped. A. A-band; I, I-band; mt. 
microtubules; Z. Z-band. 102,500x. : Par 
Electron micrograph of the transverse section of the adult. abdominal muscle. The sarcolemma E 
consists of a thin layer of the amorphous material (SL) and the basement membrane (bm). The 
T-tubules (T) are formed from the invagination of the basement membrane. The myofibrils are 
imcompletely or completely divided by the cisternae of the sarcoplasmic reticulum. (sr).  Dyads 
(D) appear mostly in the junction of the A-bands (A) and the I-bands (I m. sarcosomes. 


28,750 x. 


The photomicrograph of the transverse section of the larval abdominal muscle “shows the sar- 


invaginations of the T-Tubules (T) from the basement membrane. I. I-band; m. sarcosomes; 
mt. microtubules; sr. sarcoplasmic reticulum. 28,750 x . 

Electron micrograph of the transverse section of the larval abdominal muscle. The myofibrils 
are divided by a. abundand sarcoplasmic reticulum (sr) incompletely or completely. The sarcopl- 
asmic reticulum (sr) forms a fenestrated and clain structure. Dyads (D) in this micrograph show 


. more in number than those in the figure 11. A. A-band; L I-band; N. nucleus. 12,500 x. 


significance for the differences of the sarcolem- of predominent type. The sarcosomes in the 


mal structure is not yet clear. | | 
Most sarcosomes in insects and other animals derae Fab. are also of many types; elongate, 


femoral muscles of cockroach, Leucophaea ma- 


are elongate. However, in the abdominal muscles oval and Y-shaped®?, Measurements are com- 
studied here, oval and irregular sarcosomes. are pared with those obtained from T. molitor in 
found in: addition to the elongate ones which are Table 2. | | 
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The comparison of sizes in the sarcosomes of T. molitor and Leucophaea maderae. 


longest size of 
elongate sarcosomes 


aa 


longest size of 
y-shape sarcosomes 


T.molitor 


L. maderae 6 


4.24x 0.04 y 
x0.5 y 


| 0.74% 0.047 ye 
| | 02. X03 à 


mm —————— 


Vogel“ suggusted that quantitative varia- 


tive in sarcosomal enzymes can be associated 
mainly with the differenes of both sarcosomal 
size and ratio of their total cristal surface to 
their matrix volume. According to this sugges- 
tion, quantity of sarcosomal enzyme of the 
abdominal muscles is apparently smaller than 
that of the femoral muscles. 
enzyme of the elongate sarcosomes in the adult 
abdominal muscle is also quantitatively smaller 
than that of the larva. However, the y-shape 
sarcosome of adult abdominal muscles provides 
a large contact area between sarcosomes and the 
region where the myofibrils undergo profound 
alternation during muscular contraction. There- 
fore, the quantitative sarcosomal enzyme for sup- 
porting the muscular contraction may be con- 
sidered similar in the larval and adult abdominal 
muscle of T. molitor. 
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